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To expand the area of application of PVA in different areas of the national economy, it is subjected to chemical or physical modification.
For example, in [4] , for the modification of the structure of PVA, use was made of the cryolysis method, leading to the formation of a three-dimensional structure of the polymer. The given method makes it possible to vary in a wide range the level of service parameters of PVA films.
One of the possible methods for modifying the structure and changing the properties of polymers is the creation of composite blends with other polymers. The polymer blends obtained are capable of acquiring properties that are different from those of the initial homopolymers.
In [5] an investigation was made of structural features and properties of composites based on polycaprolactone and polyhydroxybutyrate (PHB) by different methods of structural analysis. The given analysis showed that the components in the blends have a mutual effect on one another, which is manifested by a reduction in the crystallisation rate of the PHB phase and a change in the physicomechanical characteristics of specimen blends.
Zhang et al. [6] investigated blends based on PVA and PHB from a common solvent. They established that the structure of both phases underwent changes on the crystalline and molecular level: the degree of crystallinity of the polymers in the blends fell.
It must be pointed out that the formation of polymer films from solution is a less technologically effective method than formation from the melt, and moreover the use of a solvent in most cases is a health hazard and causes additional material losses on regeneration of the latter.
Therefore, in the present work an investigation was made of a composite blend based on PVA and PHB, obtained by melt extrusion.
The investigation was carried out on PVA of grade 8/27 (Russia) and PHB lot M-0997 (Biomer, Germany). The structure of the films was studied by methods of differential scanning calorimetry (heating rate 20 K/min) and large-angle X-ray diffraction analysis. Measurements were carried out by the photomethod, recording the image on a flat film. X-ray diffraction patterns were taken with the X-ray beam falling parallel and perpendicular to the direction of extrusion of the polymer films.
The tensile properties of the film specimens were determined on an Instron 1122 universal tensile testing machine (the specimens were in the form of sheets of 10 mm width with a length of the working section of 25 mm, and the clamp speed was 100 mm/min).
The steam permeability was studied using special membrane cells by measuring the weight loss by the cell with an accuracy of ±0.0001 g at 20˚C.
The results of investigating the structure of PVA-PHB blend films by means of DSC showed that the glass transition temperature of the latter occupies an intermediate position between these parameters of the initial homopolymers (Table 1) , which indicates the interaction of PVA and PHB macromolecules in the blends [7] . Segmental interaction of this kind indicates a tendency towards compatibility of the components.
In addition, the results of X-ray diffraction analysis indicate that each of the components of the blend is capable of forming an independent crystalline phase.
The presence in the composites of crystalline PVA and PHB phases with a different composition of the blends indicates the incomplete compatibility of the polymers.
A more detailed investigation of the structure of PVA-PHB blend films using the DSC method will be the subject of subsequent publications.
An analysis of X-ray diffraction patterns (Figure 1 ) makes it possible to isolate on the overall diffraction pattern the diffraction maxima belonging to individual crystalline components. In all blends there is a crystalline PHB phase with an orthorhombic elementary cell (a = 0.576 nm, b = 1.32 nm, c = 0.596 nm) and a PVA phase in quasicrystalline modification, formed from regions with close packing of parallel chains. On the X-ray diffraction patterns, the reflex at S = 2.22 nm -1 corresponds to this phase.
As already pointed out in the experimental part, measurements of large-angle diffraction were carried out with different orientations of the X-ray beam in relation to the direction of extrusion of the films. Analysis of the X-ray diffraction patterns showed the presence of an axial texture of PVA in all the films investigated. The axis of the texture coincides with the direction of extrusion, and here, in quasicrystalline regions of the PVA, the axes of the macromolecules are mainly oriented along the direction of extrusion.
In specimens containing 10 and 20% PHB, a distinct axial texture of the PHB crystallites is observed, the axis of which coincides with the direction of extrusion, as for PVA (Figure 1a and b) . However, the PHB crystallites are oriented along the axis of texture in such a way that the direction a of an elementary cell coincides with the direction of extrusion, i.e. the macromolecules are mainly positioned perpendicular to the direction of extrusion.
X-ray diffraction patterns of films containing 30 and 50% PHB (Figure 1c and d) indicate that the major part of the PHB crystalline phase is isotropic and includes a small number of oriented PHB crystallites, with retention of an axial texture of the PVA.
As follows from an analysis of XDA data, in the region of PHB concentrations in the blend films of 20-25%, there is a sharp change in the supermolecular structure of the PHB: a transition from an oriented state of the crystallites in relation to the axis of extrusion of the films to an isotropic state with retention of the orientation of the PVA crystallites. Such a sharp transition may be explained by the presence of phase inversion in the given concentration region.
It is well known that, in the region of phase inversion, there is a sharp change in both the crystallographic and physicochemical properties of the polymer blends [8] .
In the present case, phase inversion was studied by measuring the physicomechanical parameters of the blend films with different ratios of the components.
The results of investigating the mechanical behaviour of PVA-PHB blend films under conditions of uniaxial elongation confirm the conclusion that, in the region of compositions with 20-25 wt.% PHB, phase inversion occurs. This is indicated by sudden transitions on the curves of the dependences of the tensile stress causing failure σ t (Figure 2 ) and breaking elongation ε b (Figure 3) on the composition of the blends, and also the presence of a minimum on the curve of the dependence of the tensile elastic modulus E t (Figure 4 ) on the composition of blends in the concentration region investigated. Figures 2-4 it can be concluded that, with a PHB content of up to 20%, the properties of the blend films are determined mainly by the PVA component, and with a PHB concentration of 30% and above by the PHB component.
From a comparison of the results presented in
Practically unchanged σ t and ε b of blend films before and after the region of phase inversion can be attributed to the fact that the dispersed phase does not create perceptible "structural defects" in the matrix. This is possible if the dispersed phase is well distributed in the matrix and its particles have a comparatively small size.
In the case of complete or partial compatibility of the components of the blend, complete or partial mixing of the polymers on the molecular level, i.e. dissolution, is possible [7, 8] .
The kinetic curves of steam permeability through blend films ( Figure 5 ) have three characteristic regions corresponding to different mechanisms of transfer of water. The initial region (I) is characterised by a low rate of transfer, where the diffusion process is connected with the process of the combination of water molecules with functional (carbonyl) groups of PHB and most intensively with hydroxyl groups of PVA [9, 10] . In this time interval, non-steady water transfer is realised.
The following region (II) is determined by quasisteady transfer, where, strictly, diffusion of water molecules is complicated by structural relaxation. Increase in the rate of steam permeability, compared with region I, is due to the increase in the free volume and segmental mobility of the PVA macromolecules that occurs after screening of functional groups by the water molecules. Rupture of the hydrogen bonds between the hydroxyls of PVA, and also between the ester group and hydroxyls of the PHB, promotes swelling of the composite matrix and, consequently, increase in the diffusion parameters (coefficients of diffusion and permeability) and equilibrium solubility.
The following third region (III) on the kinetic curves can be singled out owing to the characteristic inflection observed for all specimens where PHB is present. By this instant of time, the process of structural relaxation that is observed for PHB seems already to have been completed, and the transfer of water molecules occurs by a diffusion mechanism [11] [12] [13] [14] .
Data characterising the change in the diffusion parameters of water vapour in PVA-PHB composite films indicate increase in the coefficients of diffusion D w and permeability P w and a reduction in the coefficient of solubility σ w with increase in the PHB content of the blends (see Table 1 ).
Increase in the first two indices is the result of increase in the heterogeneity of the composites. The heterogeneity is due to the existence of crystalline regions of each of the components PVA and PHB in the blends, as indicated by diffraction patterns of the specimens. On the other hand, in amorphous regions of the composite blends, segmental interaction of the components is observed (as indicated by increase in the glass transition temperature of the blends (Table 1)), which makes it possible to assume their partial combination.
The maximum value of D w in the 70:30 wt.% PVC-PHB composition region indicates the maximum degree of heterogeneity of the composites that is possible in the region of phase inversion [8] .
Reduction in σ w in the composites with increase in the PHB content (Table 1 ) is due to the fact that the latter is a moderately hydrophilic polymer [15] and, moreover, is capable of interacting with macromolecules of the hydrophilic PVA. All this leads to a slowing down of the process of dissolution of the PVA phase in water.
The investigations set out above and analysis of the results obtained made it possible to formulate the following conclusions:
1. Blends based on PVA and PHB are partially compatible.
2. With a PHB content in the blends between 20 and 30%, phase inversion occurs, accompanied with transition from an oriented PVA matrix to an isotropic PHB matrix.
3. Increase in D w and P w with increase in the PHB concentration in the blend films indicates an increase in the heterogeneity of the latter, the maximum heterogeneity being possessed by composites with 30%PHB.
Reduction in the solubility of blends is due to increase in the content of PHB which is a more hydrophobic polymer than PVA.
